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3) Technical Description of Project and Results 
A) Isolation of the Mate Recognition Pheromone from Marine Rotifers 
We have developed some new approaches to the isolation and 
characterization of the glycoprotein responsible for mate . recognition in the 
marine rotifer Brachionus plicatilis. Sequential affinity chromatography 
using the lectins Lens culinaris and Tetragonolobus purpureas has proven 
effective. The first lectin has affinity for mannose/glucose units and the 
second for fucose. Eluents from the Tetra affinity column contained a 29 kD 
glycoprotein that has all the characteristics of the rotifer mate recognition 
pheromone (MRP). We are now using molecular ultrafiltration to remove 
contaminating proteins in the hopes of purifying the MRP to a sufficient 
degree so that monospecific polyclonal antibodies can be prepared against it. 
These antibodies will simplify the purification of the MRP from several 
closely related B. plicatilis strains and provide us with probes for comparing 
variation among populations. 
B) Development of a New Bioassay for Rotifer MRP Activity 
We developed a new strategy for assaying MRP activity this year. The test is 
based on biotintylation of the MRP and its binding to the male receptor. A 
procedure for attaching biotin to the MRP was developed and optimized. 
Males are then incubated with the MRP -biotin complex for 15 min to allow 
the MRP to bind to its receptor in the male corona. After all unbound MRP is 
washed away, avidin labelled with fluorescein is reacted with the MRP-biotin 
and binding sites can be visualized as epifluorescence. The extent of binding 
is quantified with an image analysis system. The advantage of this technique 
is that it uses male receptors to detect the MRP and this is the most 
biologically relevant reaction in mating .. 
C) Surface Glycoproteins Potentially Involved in Mating in Marine Copepods 
We have examined the binding of several lectins to the surface of three 
species of marine copepods. The hypothesis in these experiments is that 
surface glycoproteins on the urosome of female copepods are a signal to 
males in mate recognition. From mating behavior analyses it is known that 
calanoid males contact females across the terminus of their caudal furca with 
the male's right antennae. If contact is not made at this location, mating is 
aborted. This behavior pointed to a signal emanating from the caudal furca 
that requires contact to be received. These are precisely the conditions that 
suggest the presence of a surface glycoprotein. Our survey of · the binding of 
ten lectins to the urosomes of female Labidocera aestiva, Acartia tonsa, and 
Centropages hamatus clearly showed the presence of glycoproteins in the 
correct regions to serve as mating signals. We are in the process of 
interpreting the lectin binding patterns as clues to the structure of the 
glycoproteins. This coming year we will expand the number of species 
investigated to include marine harpacticoid and cyclopoid copepods. 
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Abstract 
Mate recognition in the rotifer Brachionus plicatilis... O.F. Muller is based upon 
male contact chemoreception of a glycoprotein pheromone on the body surface 
of females. The highest densities of this glycoprotein were found on the corona 
of females as determined by fluorescence microscopy. A times series 
experiment demonstrated that binding sites on the corona fluoresced before any 
other structure and did so most intensely. The lorica margin of females 
fluoresced weakly after 20 minutes of exposure, suggesting that mate 
recognition pheromone (MRP) is present, but in low · density. In males, the corona 
also was the most intensely labeled structure on the body surface. Pre-
treatment of rotifers with the lectins Concanavalin A, Lens culin.aris, Vicia faba, 
and Pisum sativum blocked subsequent labeling with ConA-FITC. Exposure to 
other lectins did not block ConA-FITC labeling. Quantitation of fluorescence 
intensity !JSing image analysis demonstrated that the contrast between a 
. glycoprotein signal and background ranged from 2 to 19.5. In situ degradation 
of the MRP by the glycohydrolase N-glycanase reduced lectin binding and the 
intensity of fluorescent labeling. Since N-glycanase degylcosylation of 
glycoproteins on the body surface of live females sharply reduced their ability to 
elicit male mating reactions, it is clear that the same oligosaccharides critical for 
lectin binding also are essential for mate recognition. These lectin probes have 
enabled us to visualize the distribution of the MRP on the body surface of 
females and provided insight into the copulatory behavior of males. 
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Introduction 
Mate recognition in the marine rotifer Brachionus pUcatilis O.F. Muller occurs 
as a result of male contact chemoreception of a precise signal on the body 
surface conspecific females (Gilben, 1963; Snell & Hawkinson, 1983). This signal 
is the basis of mating discrimination among temporally and geographically 
isolated populations and the extent of divergence in signal recognition is related 
to the degree of allopatry (Snell & Hawkinson, 1983). The role of mate 
· recognition in the establishment and maintenance of species boundaries in 
rotifers has been described by Snell ( 1989). The role of contact chemoreception 
as a general solution to the problem of sexual communication in zooplankton was 
discussed by Snell & Morris (1992). 
These studies stimulated a series of experiments to examine the 
biochemical mechanisms of mate recognition in rotifers and how they promote 
the origin of discontinuities in species' gene pools. Snell et al ( 1988) showed that 
the female . signal is a heat labile glycoprotein susceptible to protease and 
glycohydrolase degradation. They further suggested that the . carbohydrate 
moiety of the molecule is essential for eliciting mating responses from males. 
Lectins were used by Snell & Nacionales (1990) to block male recognition of 
females, greatly altering· mating behavior. Lectins are carbohydrate-binding 
proteins of non-immune origin that selectively bind to oligosaccharides of 
glycoproteins (Goldstein & Poretz, 1986). The specificity of lectins for particular 
oligosaccharides is similar to that of enzymes for their substrates. When female 
B. plicatilis were treated with the lectins ConA, lentil, pea, and fava, the 
probability of male copulation was reduced 75-95% from control levels. These 
lectins all have affinity for terminal -D-glucosyl and -D-mannosyl residues 
(Goldstein & Poretz, 1986). Exposure to several other lectins with different 
affinities had no effect on mate recognition. Snell & Nacionales ( 1990) also 
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showed that the zwitterionic detergent CHAPS as well as chelating agents EDT A 
and EGT A removed the signal glycoprotein from females, suggesting that it is a 
loosely bound surface glycoprotein. 
The carbohydrate dependence or'· mate recognition can be demonstrated by 
. enzymatic modification of cell surface glycoproteins (Sharon & Lis, 1989). When 
live female B. plicatilis were treated with the glycohydrolase N-glycanase which_ 
specifically cleaves oligosaccharides N -linked to asparagine residues, the 
probability of male copulation was reduced 65% (Snell & Nacionales, 1990). 
These observations, along with the results described above, clearly demonstrate 
the critical role of oligosaccharides in rotifer mate recognition as well as the 
ability of certain lectins to bind to the glycoproteins responsible for eliciting 
mating activity. Electrophoretic analysis of rotifer glycoproteins bound by the 
lectins ConA, lentil, pea, and fava has identified a small set of 5-7 glycoproteins 
(Snell & Jarim-Singh, 1992). Since these lectins have the capacity to selectively 
block mate recognition by binding to these glycopr-oteins, one of the 
glycoproteins is almost certainly the mate recognition pheromone (MRP). Work 
is in progress to purify further and characterize the glycoprotein eliciting male 
mating. Given the potential biological significance of these glycoproteins, it 
seemed interesting to ask where they are located on the body surface of females. 
If localized, their position could provide some indication of their role in signaling 
males during mating. 
The objectives in this work were to use lectins to probe the surface 
glycoproteins of rotifers in an attempt to localize the MRP. The distribution of 
the MRP on females may provide insight into its role as a signal for males. 
Relating MRP distribution to the primary sites of copulation is likely to promote 
understanding of male copulatory behavior. 
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Materials and ·Methods 
All experiments utilized the Russian strain of the rQtifer Brachionus plicatilis 
O.F. Muller (Snell & Carillo 1984). Standard experimental conditions for mass 
cultures were 25° C, 15 ppt salinity seawater made with commercial seasalts 
(Instant Ocean, Aquarium Systems) dissolved in deionized water. Rotifers were 
fed a diet of Tetraselmis chuii and light was provided on a 16:8 L:D photoperiod 
at a 4000 lux intensity. 
Fluorescence time series experiments were performed ustng 1 to 3 h old 
female neonates obtained by hatching cysts at 25°C. The neonates were placed 
in a 24-well tissue culture plate and exposed to 0.1 mg/ml of the lectin 
Concanavalin A (ConA) conjugated to fluoroisothiocyanate (FITC) in 500 ul of 
seawater for 0.5, l, 5, 10, 20, or 30 min. After exposure, females were washed 
twice in l ml of seawater to remove unbound label. Ten to fifteen females were 
anesthetized with 0.5% tricane methanesulfonate (MS-222), then transferred to a 
whole mount slide. Rotifers were examined at 250X magnification for 
fluorescence using a filter block with excitation at 450-490 nm and an emission 
barrier at 515 nm. Photomicrographs were taken with an automatic exposure 
system at 1600 or 800 ASA. This procedure was repeated for male neonates 
which were obtained from ovigerous mictic females isolated from mass cultures. 
The intensity of fluorescent labeling was compared for nine lectins 
conjugated to FITC: Lens culinaris (LC) lentil, Canavalia ensiformis (ConA) jack 
bean, Pisum sativum (PS) pea, Vicia faba (VF) fava bean, Ulex europaeus (UE) 
gorse, Lycoperison esculentum (LE) tomato, Bauhinia purpurea (BP) camel's foot 
tree, Erythrina coral/odendron (EC) coral tree, and Glycine max (GM) soybean 
(Sigma Chemical Company). These lectins were chosen because they represent a 
variety of oligosaccharide binding specificities. The lectins LC, ConA, VF, and PS 
bind to terminal a-D-mannosyl and a-D-glucosyl residues. EC, GM and BP bind 
5 
to N-acetyl-0-galactosamine and LE binds N-acetyl-~-0-glucosamine oligomers. 
UE has specificity for L-fucose residues. Female neon~tes were placed in 0.1 mg 
lectin-FITC/ml seawater for five min. After exposure, rotifers were washed, 
anesthetized, and examined for fluorescence. 
Fluorescence was quantified using an image analysis system coupled to an 
Olympus BH-2 microscope. Black and white video images were recorded with a 
Javelin CCD camera (model JE-7242) at 50X magnification. These images were 
digitized with a Data Translation QuickCapture card on a Macintosh ci computer. 
Image data was processed using NIH Image 1.43 software which permitted 
measurement of fluorescence intensity on a gray scale ranging from 1-256. 
In female lectin blocking experiments, female neonates were placed in 1 ml 
of 0.1 mg/ml unlabeled ConA, LC, PS, or VF lectins for 30 min. Control females 
were exposed to seawater without lectins. The animals then were washed in 1 
ml of seawater and exposed to 0.1 mg ConA-FIT~/ml for 3 min. Animals were 
washed again in 1 ml of seawater, anesthetized, and photographed as previously 
described. 
Experiments examining the degradation of the mate recognition glycoprotein 
were performed by transferring 10 ul of seawater containing 15 female 
neonates into a microcentrifuge tube. Added to this was 18.8 ul of 0.4 M 
sodium phosphate buffer, pH 8.0 and 1.2 ul (0.6 units) N-glycanase enzyme 
(genzyme Corp.). N -glycanase hydrolyzes asparagine-linked oligosaccharides 
from glycoproteins releasing free proteins and oligosaccharides. The reaction was 
incubated at 37°C for 10 minutes. Control animals were placed tn a 
microcentrifuge tube to which 20 ul phosphate buffer was added, and were 
incubated along with the experimental group. Following incubation, females 
were washed twice in 1 ml of seawater and exposed to 0.1 mg ConA-FITC/ml for 
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3 minutes. Females then were washed again 1n 1 ml of seawater., anesthetized, 
and photographed. 
Results 
Our initial approach to localizing the MRP was to expose males and females 
to ConA-FITC for various times and determine the time sequence of fluorescent 
labeling of rotifer structures. The hypothesis was that the structures with the 
highest ~ffinity for lectin binding will label first and most intensely. The 
structure first exhibiting fluorescence in both males and females was the corona 
(Table 1). Several exposure times were examined; those exceeding one hour 
produced excessive fluorescence which obscured structural detail, probably 
through non-specific binding. The coronas of males and females also fluoresced 
most intensely, with considerably weaker fluorescence visible in the buccal field 
and mastax of females and the tip of the penis in males. The tip of the foot and 
lorica margin in females fluoresced weakly after 30-min exposure. The prostate 
gland in males fluoresced intensely after 30-sec exposure, but intensity did not 
increase after 30 min. In contrast to the structures described above, which 
consistently labeled with the same intensity, fluorescence of lateral and dorsal 
antennas was often observed, but varied among females. 
Photomicrographs of the female time series demonstrate the distribution of 
fluorescence and its intensity after exposure to ConA-FITC (Fig. 1 ). The 
intensity of fluorescence increased markedly as exposure times increased from 
30 seconds to five minutes. Exposures of 5 to 20 min produced similar 
fluorescence intensities, but after 30 min fluorescence intensity was visibly 
greater. Variation in fluorescence intensity among individuals in the same 
treatment was very small compared to the differences between treatments. 
Similar results were obtained from a male time series (data not shown). 
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Labeling of rotifer females with the ·nine FITC labeled lectins · was compared 
-
for pattern and intensity of fluorescence. . Rotifers exposed to UE-FITC, LE-FITC, 
BP-FITC, EC-FITC, and G M-FITC lectins for 30 min yielded no visible fluorescence 
on any structure. In contrast, labeling female rotifers with the lectins Con'A-
FITC, PS-FITC, VF-FITC, and LC-FITC produced intense fluorescence. The same 
pattern of fluorescence was observed for all four lectins, but there were 
differences in intensity. Image analysis of fluorescence intensity over the body 
of females revealed marked contrasts (Fig. 2). Fluorescence was highly localized 
in the coronal region producing a large single peak of fluorescence. Probably the 
most important feature of this signal is its contrast with the background. 
Contrast ratios of corona/body fluorescence intensity varied from 2 for LC to 
19.5 for VF, with intermediate ratios of 14.6 and 4.6 for PS and· ConA, 
respectively. 
Lectin binding· to surface glycoproteins on females and males was 
investigated further to determine which lectin is the best blocker of fluorescent 
labeling by ConA-FITC. Females were exposed to unlabeled Con A, PS or LC for 
30 minutes, followed by a 3 minute exposure to ConA-FITC (Fig. 3A). 
Fluorescence of controls was substantially greater than that exhibited by females 
exposed to the lectin blockers. Pre-exposure to ConA effectively blocked most 
of the ConA-FITC binding sites, whereas pre-exposure to PS and LC only partially 
blocked these sites. In males, coronal fluorescence also was effectively blocked 
by ConA and PS binding, and to a lesser extent by LC binding (Fig. 38). However, 
fluorescence of the internal prostate gland was unaffected by the lectin blockers. 
Selective in situ degradation of glycoproteins in males and females was 
investigated using N -glycanase~ The expectation was that N -glycanase 
deglycosylation of surface glycoproteins would reduce lectin binding and 
fluorescent labeling. Males and females exposed to N·-glycanase for 10 minutes 
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were compared to controls incubated similarly but without enzyme. Coronal 
fluorescence in controls greatly exceeded N -glycanase treated females indicating 
.... 
degradation of ConA binding sites (Fig. 4 ). Males exhibited a similar pattern, but 
the photomicrographs are not shown. 
Discussion 
The rapid appearance and strong intensity of fluorescence on the corona of 
females suggests that this structure has the greatest affinity for the lectin probes 
and the highest density of binding sites. Strong fluorescence was visible in only 
30 sec on the corona as compared to the lorica margin where fluorescence was 
visible only after 20 minutes. Sharp differences in label intensity over the body 
surface of females raises the question of what the lectin probes are actually 
binding to. Our hypothesis is that the lectins bind directly to the mate 
recognition pheromone (MRP) on females and that the intensity of fluorescence 
is directly proportional to the abundance of MRP . molecules on their body 
surface. An alternative explanation is that lectins do not bind to the MRP, but to 
a closely associated glycoprotein. This latter possibility is unlikely because lectin 
affinity chromatography with LC and ConA was used to isolate biologically active 
MRP from crude rotifer homogenates (Snell & Jarim-Singh 1992). The 
purification was successful because LC and ConA bound directly to the MRP 
rather than · other glycoproteins which lack the ability to elicit male mating 
responses. 
Fluorescently labeled lectins allowed us to visualize the location of the 
surface glycopr~teins responsible for mate recognition. Rotifer males presumably 
also can detect this signal in the form of the MRP. The MRP signal should be 
easily distinguishable from background judging from the contrast ratios we 
observed. The uneven distribution of the MRP over the body surface of females 
is an important observation because it helps explain the copulatory behavior of 
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males. Males usually first contact females along their lorica margins where they 
detect a species-specific signal. Males begin circling the female, maintaining 
coronal contact as they skim over her body surface (Snell & Hawkinson, 1983 ). 
After several seconds, males make their way to the coronal region where 
penetration occurs and sperm transfer takes place. Snell & Hoff ( 1987) showed 
that in B. plicatilis 85% of all copulations occur through the corona, 11% through 
the foot opening, and 4% at other sites. By localizing penetration to the coronal 
region of females, males avoid the lorica which poses more resistance than 
coronal membranes. This pattern of MRP distribution on the · body surface of 
females appears to act as a beacon guiding_ males to the most favorable site for 
sperm transmission. By searching for the most intense pheromonal signal, males 
are · led to the corona where fertilization has the best chance for consummation. 
The pattern of lectin binding observed suggests that the MR~ is densest in 
the coronal region where it may be associated with ciliary membranes. Merkel 
et al. (1981) found the ciliary membrane · glycoproteins of Paramecium to be 
involved in regulation of mating behavior. Structural · analysis of these 
g1ycoproteins showed that the two predominant sugars were glucose and 
mannose. Results from our lectin binding experiments suggest that glucose and 
mannose also are major components of the carbohydrate moeity that plays a role 
in mate recognition in B. plicatilis. Lectins also have been used successfully in 
describing the distribution of surface glycoproteins in Paramecium and 
elucidating the structure of their carbohydrate moieties by Allen et al. ( 1988). 
Conjugation in the ciliate Tetrahymena pyriformis is inhibited by ConA, probably 
through interaction with specific membrane-bound glycoproteins (Ofer et al., 
1976; Frisch et al., 1977). In Tet rahyme n·a, conjugation inhibition occurs by 
binding of ConA to receptors localized at the junction between conjugating cells 
(Frisch & Loyter 1977; Watanabe et al. 1981; Pagliaro & Wolfe 1987). . These 
1 0 
authors ·used a variety of techniques, consistently obtaining results that 
supported the hypothesis that the ConA receptor and the mating receptor are 
.... 
the· same molecule. Pagliaro & Wolfe ( 1987) showed that conjugation activity is 
controlled by ConA binding to individual receptors rather than by the cross-
linking or reorganization of receptors. Using SDS-PAGE, these authors identified a 
glycoprotein with molecular weight of 23000 D that was a very good candidate 
for the mating receptor. 
The MRP on the lorica margin may be associated with the cuticle where the 
presence of glycoproteins has been demonstrated. Koehler ( 1965) exposed intact 
females of the rotifer Asplanchna brightwelli to a variety of enzymes in 
experiments to elucidate the biochemical nature of the cuticle. He found with 
transmission electron microscopy that the protease pronase removed the entire 
cuticle and that glycohydrolases a-amylase and ~-amylase removed parts of the 
cuticle. These results suggested that the cuticle had glycoprotein components. 
Brodie!s ( 1970) EM study of the development of the cuticle in A. brightwelli 
demonstrated that cuticle components are secreted from hypodermal bulbs. The 
c·uticle and material in the bulbs stained with ruthenium red indicating that they 
were composed of glycoprotein. 
The binding of different types of lectin probes suggests particular structural 
characteristics for the MRP. Binding experiments with Con A produced the 
greatest fluorescence, whereas labeling with LC lectin yielded the least. This 
suggests that there are fewer LC binding sites. The LC sites are probably a 
subset of the ~onA sites, suggesting that LC perhaps is more selective for the 
MRP. The experiments using lectin blockers prior to labeling further supports 
this interpretation. Pre-treatment with ConA was most effective at reducing 
fluorescent labeling with ConA-FITC. Pre-treatment with LC and PS lectins only 
partially limited ConA-FITC lab~ling, suggesting that they bind to a subset of 
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ConA sites. Another supporting observation is that electrophoretic examination 
of silver stained proteins from affinity purified MRP samples indicates that ConA 
..... 
binds more glycoproteins than LC (Snell & Jarim-Singh, 1992). EC, GM, LE, UE, 
and BP lectins failed to bind to the surface glycoproteins of B. plicatilis. All of 
these lectins lack . the mannose/glucose affinity of Con A, LC, PS, and VF lectins 
(Goldstein & Poretz, 1986). These differential patterns of lectin binding can be 
used to deduce structural features of the carbohydrate moieties of glycoproteins 
(Osawa & Tsuji, 1987). 
Deglycosylation with N-glycanase substantially reduced lectin labeling. This 
clearly illustrates the importance of the carbohydrate moeity in lectin binding. 
In situ N-glycanase degylcosylation of glycoproteins on the body surface of live 
females markedly reduced their ability to elicit mating reactions from males 
(Snell & Nacionales, 1990). These two observations clearly indicate that the 
same oligosaccharides critical for lectin binding also are essential for mate 
recognition. 
As in females, the coronal region of m_ales labeled rapidly and intensely. 
This at first seemed to be a peculiar result since our model for mate recognition 
suggested that females have the MRP, whereas males possess the MRP receptor. 
The lectin labeling indicated strong binding to regions on males where the MRP 
receptor was hypothesized to be, but why should lectin probes bind to both 
signal and receptor? One explanation could be that recognition is based on a 
homotypic type of carbohydrate-protein interaction (Sharon & Lis, 1989). In 
this model, both males and females possess carbohydrates and protein receptors 
which are complimentary. Lectins binding to glycoproteins involved in mate 
recognition therefore would light up both males and females. Similar results in 
males and females for the lectin pre-treatment blocking experiments further 
supports this interpretation. Another supporting observation is that the female 
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signal and male reception make equal contributions to mating discrimination 
(Snell & Hawkinson, 1983}, a result expected if complimentary recognition 
molecules are present on both sexes. 
In observations of mating behavior we saw numerous male-male 
encounters, yet none resulted in initiation of mating behavior. Males clearly are 
capable of discriminating females from other males. The basis for this 
discrimination may lie ·in the density of MRP sites on the lorica margin of 
females. Although the lorica margin labeled weakly in females, it was clearly 
detectable. This was not the case for males where no fluorescence was visible 
after 30 minutes of exposure. Perhaps this indicates the absence of a signal on 
the lorica margin of males, making mating responses unlikely in male-male 
encounters. 
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Table I. Time sequence of fluorescent labeling of females and males ex posed to 
ConA-FITC. The X' s denote the presence of fluorescence, not its intensity. 
Structure Exeosure (min) 
Females 0.5 1 5 10 20 30 
corona ·x X X X X X 
buccal field X X X X X 
mas tax X X X X 
tip of foot X X X 
lorica margin X X 
Males 
corona X X X X X X 
prostate gland X X X . X X X 
tip of penis X X 
Figure Captions 
Figure 1. The effect of ConA-FITC labeling on female coronal fluorescence. The 
micrographs shown are typical of individuals exposed for the indicated times. 
Figure 2. Comparison of fluorescent intensity resulting from the binding of FITC 
labeled lectins to surface glycoproteins. The orientation on the X-axis is a 
horizontal animal in dorsal view with corona nearest t.he Y -axis. FU is arbitrary · 
fluorescence units. The lectins are: Lens (LC), Pisum (PS), ConA, and Vicia (VF). 
Figure 3. Lectin blocking followed by ConA-FITC labeling of females (A) and 
males (B). 
Figur~ 4. N-glycanase treated, ConA-FITC labeled females . . 
1 7 
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Description of Data Acquired 
A) Isolation and Characterization of the Mate Recognition Pheromone in the 
Marine Rotifer Brachionus plicatilis 
Glycoprotein Purification - Treatment of females with N-glycanase, a 
glycohydrolase that releases N-linked oligosaccharides from glycoproteins, 
significantly reduced the probabilty of male copulation (Snell and Nacionales 
1990). Treatment of females with several mannose/glucose binding ledins 
also reduced the number of copulation attempts by males. Using lectins 
labeled with FITC, the highest concentration of the putative mate recognition 
glycoprotein was localized in the corona of females (Snell et al. 1993). 
Sequential lectin affinity chromatography beginning with Lens culinaris retained 
a small subset of proteins from a crude homogenate of rotifer biomass (Snell et 
al. 1994). Lens Iedin retained eight to ten proteins in sufficient quantities to be 
· visualized on SDS-PAGE. The second step in the purification utilized the Iedin 
Tetragonolobus purpureas which has fucose binding affinity. Passage of the 
sample over this column yielded a single, apparently homogenous protein, 
gp29. 
Biological Activity of gp29 - Newborn males were exposed to a purified 
sample of gp29 at a concentration of 170 JJ.g/ml. The expectation was that if 
gp29 were the MAP, it would bind to the male receptors and reduce the ability 
of males to recognize females. The number of male-female encounters and 
attempted copulations were compared in glycoprotein treated and control 
males. Compared to control males exposed only to buffer, the gp29 treated 
males attempted 93°/o fewer copulations (x2=26.7, P<.001 ). Biotinylation 
permitted the localization of gp29 binding on male rotifers using an avidin 
fluorescent label. Males were exposed to the biotinylated gp29 for 30 minutes, 
washed, and then exposed to fluorescein labeled beads cross-linked to avidin. 
No fluorescence was visible in the control, but a sharp band of fluorescence in 
the gp29 treated male indicated localized binding in the anterior ciliary band 
called the corona. 
2 
. Antibody to gp29 - A polyclonal 
antibody against gp29 was raised in 
rabbits. This antibody recognizes only a 
single protein in crude homogenates of 
rotifer biomass (Figure 1 ). The anti-gp29 
bound to the surface of females, 
reducing the number of copulation 
attempts by males. Females treated 
with 11 0 J.Lg of lgG containing anti-gp29 
elicited only 14°/o and 12°/o of the male 
copulation attempts as the pre-
immunization and buffer controls, 
respectively (x2: 70.4, P<.001 ). 
Localization of anti-gp29 binding sites 
on female rotifers was accomplished by 
biotinylating post-immune serum. Since 
anti-gp29 was among the lgG fraction of 
this serum, the biotinylated antibody 
bound to gp29 molecules on the body 
surface of females. Unbound antibody 
was removed by washing, then avidin-
fluorescein beads were added. Strong 
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Figure 1. Characterization of antibodies to gp29. (A) Pre gp29 and anti gp29 samples are 
western blots of lectin affinity purified gp29. Anti cru sample is crude rotifer homogenate. (B) 
Controls were treated with purified lgGs from pre-immune serum. Anti-gp29 was treated with 
purified lgGs from post-immune serum. (C) Control female was exposed to biotinylatect pre-
immune serum, then to avidin-fluorescein beads. (D) female was treated similarly, but 
exposed to biotinylatect post-imrrune serum. 
Attachment of gp29 to beads - To determine whether gp29 alone is sufficient 
to elicit male mating behavior, we attached gp29 to 60 1-1m diameter sepharose 
beads. Freeze-killed females were used as positive controls and males 
attempted copulation in 54°/o of encounters. When surface glycoproteins on 
these females were deglycosylated with N-glycanase, males attempted 
copulation in only 12°/o of encounters. Beads with glycyl-leucine attached 
served as negative controls and elicited no male responses in 200 encounters. 
Beads with gp29 attached elicited male copulation attempts in 38°/o of 
encounters which is 2/3 of their response to the freeze-killed females. 
Deglycosylation of the gp29 beads resulted in males attempting copulation in 
only 2.3°/o of encounters. 
3 
4 
· B) Variation in the Mate Recognition Pheromone among Brachionus plicatilis 
strains and Other Rotifer Species 
Reactivity of gp29 antibody from the 
Russian strain was tested towards other 
strains (Rico-Martinez and Snell 1994). 
Six strains were examined including 3 L 
types (RUS-Russian, AUS-Austrian, GP-
Colorado) and 3 S types (HAW-
Hawaiian, KOS-Koshiki, Japan, 51-
Spain). The most anti-gp29 binding was 
to the Russian and Colorado females 
(Figure 2). The Austrian and Hawaiian 
females had about 1/2 the binding and 
Koshiki and Spanish females had about 

















females. These results clearly Aus Aus GP Strai~Aw Kos 
demonstrate the differential binding of Figure 2. Male receptor binding assay. 
anti-gp29 to B. plicatilis strains and Coronal fluorescence measures the amount 
suggests that the structure of gp29 may of anti-gp29 binding to males. Vertical lines 
differ among strains. indicate standard error. 
We are continuing to probe the limits of anti-gp29 cross-reactivity to other 
brachionid species and to other rotifer families. 
C) Surface Glycoproteins as Signals in Copepod Mating 
The mechanism male copepods use to recognize mates is not well 
understood. Both chemical and mechanical cues have been implicated, but 
the relative importance of these is not known. We have developed techniques 
for selectively probing surface glycoproteins in copepods using fluorescently 
labeled lectins (Snell and Carmona 1994) to develop insight into their role in 
mate recognition. Calanoids Labidocera aestiva, Centropages hamatus, and 
Acartia tonsa were collected in the northern Gulf of Mexico and screened with 
12 lectins representing a wide variety of carbohydrate affinities. The 
harpacticoid Coullana canadensis originally collected from Florida was 
screened for the same 12 lectins. The freshwater calanoid Skistodiaptomus 
pygmaeus and the cyclopoid Mesocyclops edax also were investigated and 
compared to the marine species. The sites of lectin binding were consistent 
across species. Most fluorescence was observed in the urosome at the caudal 
rami, gonopore, margin of the genital segment, and urosome segment 
junctions. The signal contrast (signal/background ratio) along the urosome 
ranged from 3-51 which seems ample for males to discriminate a glycoprotein 
signal from noise. Our observations clearly demonstrate the presence of 
glycoproteins at sites expected to be important in copepod mate recognition. 
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